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Progress in analysis technique for extracting light-antiquark flavor
asymmetry by SeaQuest at Fermilab
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The amounts of d̄ and ū in a proton were expected to
be the same based on the flavor independence of gluon
splitting. However, the NMC experiment at CERN
showed that the total amount of d̄ exceeds that of ū.1,2)

The NA51 experiment at CERN and the E866 experi-
ment at Fermilab measured the Bjorken x dependence
of the light-antiquark flavor asymmetry d̄/ū,3,4) where
Bjorken x is the momentum fraction of a parton to a
proton. They found that d̄/ū > 1.0 at x < 0.25 and
d̄/ū < 1.0 at x ∼ 0.3, although the results at x ∼ 0.3
is consistent with 1.0 due to the large statistical un-
certainty. It is very important to measure d̄/ū in this
unclear region in order to understand the proton struc-
ture.

The SeaQuest experiment is a Drell–Yan experiment
performed at the Fermi National Accelerator Labora-
tory (Fermilab) in Illinois, US. The main purpose of
this experiment is to measure the light-antiquark fla-
vor asymmetry in a proton in 0.1 < x < 0.45, which in-
cludes the unclear region in the previous experiments.

As shown in Fig. 1, the Drell–Yan process is a reac-
tion in which an antiquark in a hadron and a quark in
another hadron annihilate and decay into a lepton pair
via a virtual photon: q + q̄ → γ∗ → µ+ + µ−.5) The
cross section of the proton-proton Drell–Yan process
at the leading order is expressed as
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where x is the Bjorken x, the subscripts (1, 2) denote
the beam and the target, respectively, and q(x) is the
parton distribution function. In the SeaQuest accep-
tance (x1 ≫ x2), the last term of Eq. (1) vanishes
because the PDFs of antiquarks are small enough at
the high x region. Therefore, an antiquark of the tar-
get proton is always involved in the process and is thus
accessible easily.

The SeaQuest experiment measures the muon pairs
in the final state of the Drell–Yan process, which is pro-
duced with the 120 GeV proton beam provided by the
Fermilab Main Injector and the liquid hydrogen and
deuterium targets. The details of the SeaQuest spec-
trometer have been reported in the past.6) SeaQuest
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Fig. 1. Diagram of the Drell–Yan process.

took the physics data from 2013 through 2017. The
recorded number of beam protons on targets is 1.4 ×
1018. At this moment, about 40% of the data are being
analyzed.

The preliminary result of the light-quark flavor
asymmetry was reported.7) The analysis toward the
final result is currently in progress.

There are two difficulties that need to be resolved
in the current analysis: the estimation of the beam-
intensity dependence of the reconstruction efficiency
and that of the random background. We are now test-
ing a new method for resolving them based on real data
instead of simulation, namely the so-called extrapola-
tion method.

In this method, we evaluate the cross section ratio
first as a function of the beam intensity. Here, we do
not apply any corrections. Then it is fitted with a
function and extrapolated to the zero beam intensity.
The extrapolated value is considered to be the “cor-
rect” cross section ratio. Through the simulation, we
confirmed that the extrapolation method removes the
beam-intensity dependence of the reconstruction effi-
ciency correctly. The investigation to confirm whether
this method can handle the random background is in
progress.
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